The common bean (Phaseolus vulgaris L.) was introduced from the Americas into the Iberian Peninsula approximately 500 years ago. Considerable genetic variation for morphological traits, allozymes, phaseolin protein, and reaction to bacterial, fungal, and viral diseases exist in the germplasm. Our objective was to identify novel genetic variation in an collection from the Iberian Peninsula. Three hundred forty-seven accessions were characterized for seven morphological traits, phaseolin protein, and eight allozymes at the
The common bean was domesticated in Mexico, Central America, and South America (Gepts and Debouck, 1991; Gepts et al., 1986) . The non-centric origin (Harlan and de Wet, 1971 ), large variation in wild bean populations (i.e., the immediate ancestor of cultizens) along the distribution range (Gepts et al., 1986; Koenig and Gepts, 1989; Koenig et al., 1990; Tohme et al., 1996) , edaphic and climatic factors, and the Native Americans that have inhabited the American continents over thousands of years contributed to a large genetic diversity among the domesticated common bean. Approximately 30,000 accessions of common bean are available in the germplasm bank at the Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia (Debouck, 1999) and elsewhere. Two distinct gene pools, namely Andean and Middle American are recognized in the wild (Koenig and Gepts, 1989; Koinange and Gepts, 1992) and cultivated bean (Evans, 1973) . In addition to phaseolin seed protein, an evolutionary marker (Gepts, 1993; Gepts et al., 1986) , morphological and agronomic traits (Singh et al., 1991c) , allozymes (Singh et al., 1991b) , molecular markers (Becerra-Velásquez and Gepts, 1994; Haley et al., 1994) , and partial reproductive barriers (Gepts and Bliss, 1985; Singh and Gutiérrez, 1984) have been used to describe the two gene pools. In addition to these major gene pools, Debouck et al. (1993) reported some unique germplasm collected between Northern Peru and Colombia that did not conform to the two major gene pools.
Common bean was first introduced into the Iberian Peninsula (Spain and Portugal) around 1500 (Zeven, 1997) , mainly from Mexico (small-and medium-seeded types often weighing <40 g 100 seed -1 ), due to extensive commerce among Mexico, the Caribbean islands, and Spain. However, germplasm introductions from the Southern Andes, mainly Peru (often weighing > 40 g 100 seed -1 ) that probably occurred after 1530 could have enhanced the genetic diversity in the Iberian Peninsula and Europe at large (Debouck and Smartt, 1995) . Gepts and Bliss (1988) while tracing the dissemination pathways of common bean from the 4 Americas to Europe and Africa evidenced that germplasm of the Iberian Peninsula originated in a different region in Latin America than the rest of the European germplasm.
There is considerable diversity in common bean germplasm from the Iberian Peninsula. Puerta-Romero (1961) described the Spanish common bean landraces. In addition, Gil and De Ron (1992) , Escribano et al. (1998) , Rodiño et al. (2001 Rodiño et al. ( , 2003 , and Santalla et al.
(2002) described the range and patterns of variation in germplasm accessions from the Iberian Peninsula. They used morphological and agronomic traits, phaseolin protein, and allozymes, and grouped accessions in different market classes according to Voysest and Dessert (1991) , the Andean and Middle American gene pools, and their affiliations with the races described by Singh et al. (1991a) in the Americas. Furthermore, Rodiño et al. (2003) formed a core collection to facilitate germplasm evaluation and utilization. The objective of this research was to identify novel variation in the common bean germplasm from the Iberian Peninsula, using highly heritable and ancestral morphological traits, allozymes, and phaseolin protein. or absence of the stripes on the outer base of flower standard (stripped or smooth), and seed weight (g 100 seed weight -1 ) were recorded as described by Singh et al. (1991a) . The seed coat color and market classes were recorded according to Santalla et al. (2001) and Voysest and Dessert (1991) .
MATERIALS AND METHODS
A small sample from cotyledons of five seeds for each accession was taken for phaseolin determination using one-dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), according to Brown et al. (1981) and Gepts et al. (1986) . Leaf or root tissues (depending on the allozyme assayed) from 12 plants were used at the primary leaf stage for allozyme analysis according to Wendel and Weeden (1989) and Santalla et al. (2002) . The enzyme systems assayed were: malic enzyme (Me), shikimate dehydrogenase (Skdh), ribulose biphosphate carboxylase (Rbcs), peroxidase (Prx), malate dehydrogenase (Mdh), and diaphorase (Diap) (Koenig and Gepts, 1989; Vallejos, 1983 (Santalla et al., 2002) and to form a core collection (Rodiño et al., 2003) .
RESULTS AND DISCUSSION
Large variation for each of the seven morphological traits and phaseolin were observed among 347 accessions of common bean from the Iberian Peninsula (Table 1; Rodiño et al., 2003) . Of eight allozyme systems, alleles Diap-2 100 and Prx 98 were monomorphic (Singh et al., 1991b) . Indeterminate aggressive climbing growth habit Type IV was the most common (54.1 %) followed by determinate Type I (23.5%). Farmers in the northern Iberian Peninsula, characterized by semi-humid and humid, and relatively long frost-free growing season, often intercrop bean and maize (Zea mays L). The maize stalk serves as an inexpensive support for the climbing bean and feed for animal. The bean-maize intercropping system is typical of traditional production regions of Latin America such as humid and semi-humid highlands and southern Mexico, Central America, and Andean highlands. In contrast, in Central Spain (e.g.,
Castilla & Leon), the largest bean production region, Type I cultivars grown in monoculture predominate.
Frequency of accessions with ovate leaflet shape, sparse short leaf hair, lanceolate bracteole, smooth (i.e., absence of stripes at the outer base of flower standard), and large (41 to 55 g 100 seed weight -1 ), very large (56 to 70 g 100 seed weight -1 ), and extra large (>70 g 100 seed weight -1 ) white seed were high. Similarly, accessions with Andean phaseolin protein (i.e., T, C, H) and allozyme alleles Skdh 100 , Me 100 , Rbc 100 , Mdh-1 100 , and Mdh-2 100 were in higher frequency than their counterparts. Thus, 77% accessions possessed principal characteristics of the Andean and 23% of the Middle American gene pool (Gepts et al, 1986; Singh et al., 1991a, b, c for growth habit and seed coat color and shape within the small-and medium-seeded groups.
But all very large and extra large-seeded accessions had white seed and growth habit Type IV.
Recombinants between the Andean and Middle American Gene Pools. Accessions that possessed phaseolin typical of one gene pool and one or more morphological and allozyme traits of the other gene pool were classified as inter-gene pool recombinants. Thus, there were eight accessions that had Middle American phaseolin protein (i.e., S, B) but also had some allozyme alleles and morphological traits that were more typical of the Andean gene pool.
Similarly, 26 accessions possessed the Andean phaseolin (i.e., T, C, H) and one or more allozyme alleles and morphological traits common in the Middle American gene pool. Both groups were variable for seed weight, seed color and shape, and growth habit. But, in these recombinants also, all very large and extra large-seeded accessions had white seed and growth habit Type IV.
It is worth noting that some accessions in the novel groups were variable for one or more characters (Table 3) . Similarly, few accessions in the typical Andean and Middle American gene pool were also variable (Rodiño et al., 2003) . Furthermore, from the above observations and results summarized in Tables 1, 2 , and 3 and Figure 1 , it should be evident that considerable variation exists in common bean from the Iberian Peninsula despite the fact that the zone is relatively small and was represented by only 347 of 729 accessions in the national collection.
Introduction from the American continents into the Iberian Peninsula of common bean and other field crops, fruits, flowers, and vegetables very likely was not systematic. Also, although no specific records were kept as to the region of origin and types of bean, both
Andean and Middle American germplasm were introduced. However, either a much larger
proportion of large-seeded Andean germplasm was introduced and/or they were preferred by the farmers and consumers in the region and possessed selective advantage over the Middle American bean. Prior to the discovery of the Americas large-seeded faba bean (Vicia faba L.)
was cultivated in the Iberian Peninsula. In fact, the names "faba" for the dry and "haba" for green or snap bean are commonly used in northern Spain. Because consumers were accustomed to eating large faba bean selection for large, very large, and extra large common bean might have been practiced from the early on. In addition, long frost-free humid and semi-humid growing environment would have favored full-season climbing genotypes that took advantage of maize stalks and required longer flowering and seed-filling periods.
Furthermore, consumer preference for a milder flavor and clear broth would have worked against the adoption of richly colored bean such as black, dark red, brown, etc. Thus, the combined effects of favorable environments and strong consumer preference for nearly 500 years resulted in very large and extra large white seeded bean of especially flattened "Planchada" or "Ganxet" (PHA-0414), kidney or "Riñón" (PHA-0400), and cylindrical or "Faba" (PHA-0926) and "Alubia" (PHA-0574) shapes. These market classes are highly sought-after for special cuisines (e.g., fabada) and often fetch the highest price (ranging from habit and large, very large, or extra large seed of favada, marrow, white kidney, cranberry, bolon bayo, and red pinto market classes. However, some were also small (e.g., PHA-0122, chicho) or medium-seeded (PHA-0481, alavesa). Some wild and cultivated common bean from the northern Peru, Ecuador, and Colombia are known to possess characteristics of the two gene pools (Debouck et al., 1993; Islam et al., 2002; Koenig and Gepts, 1989) . Johns et al. (1997) thought these to be as an unusual group of germplasm. Furthermore, Paredes and Gepts (1995) reported evidence of introgression between the Middle American and Andean (Chilean) germplasm, using phaseolin protein and allozyme markers. As noted earlier, the fact that some accessions (including a few in Table 3 ) were mixtures of two or more variants for one or more traits (Rodiño et al., 2001 (Rodiño et al., , 2003 ) the role of out-crossing, albeit often small (0.74%) in adapted common bean in the Iberian Peninsula (Ferreira et al., 2000) , cannot be ruled out. It is very unlikely that a wide range of germplasm introduced from the Americas was equally adapted in its new habitat in the Iberian Peninsula. In fact, a great majority of tropical and sub-tropical germplasm is highly sensitive to long (>14 hr) summer days at higher latitudes in Europe, Canada, and U.S.A., hence poorly adapted (Singh, 2001) . While occurrence of a relatively higher frequency of large, very large, and extra large white Andean, Middle American, and the recombinants between the two gene pools could be explained, why were the small-and medium-seeded Andean extreme types and recombinant accessions still maintained in the Iberian Peninsula is not well understood. In common bean, seed weight is negatively correlated with seed yield (White et al., 1992) . Furthermore, Park et al. (2000) found an association between quantitative trait loci (QTL) for seed weight and the phaseolin (Phs) locus on the linkage group B7. As noted earlier, the small-and mediumseeded Middle American germplasm possess B or S phaseolin and the large-seeded Andean bean T, C, or H phaseolin (Gepts et al., 1986; Koenig et al., 1990; Singh et al., 1991a) .
Because some small-and medium-seeded germplasm from the Iberian Peninsula possessed Andean phaseolin, would these be as high yielding as their Middle American counterparts is not known. Similarly, would the negative association between seed yield and seed weight also hold in large, very large, and extra large accessions that possessed the Middle American phaseolin, is not known. Therefore, breeding, genetics, and evolutionary significance of the novel and recombinant accessions would be worthwhile to determine.
The genetic divergence and partial reproductive barriers (Gepts and Bliss, 1985; Mumba and Galway, 1999; Singh and Gutiérrez, 1984; Singh and Molina, 1996) between the Andean and Middle American gene pools for millennia have led to development and accumulation of favorable alleles, QTL, and their epistatic interactions imparting harmonious morpho-physiological development, growth, and higher seed yield within each gene pool Gepts, 1999, 2002) . Hybridization between the gene pools breaks these linkages and interactions, resulting in poor agronomic performance such that often it is not possible to recover even the Andean and Middle American parental genotypes from single-crosses (Welsh et al., 1995) . Could these novel extreme forms and recombinants serve as a bridgingparent to facilitate inter-gene pool transfer of favorable alleles and QTL is also not known.
Promising inter-gene pool crosses will facilitate a strategic deployment and pyramiding of favorable alleles and QTL from both gene pools for higher levels and more stable resistance Ung. (causing rust) that coevolved with the common bean (Balardin and Kelly, 1998; Pastor-Corrales et al., 1995 : Stavely et al., 1997 . Such inter-gene pool and interracial crosses will also facilitate broadening the genetic base of cultivars and maximizing gains from selection for plant type, adaptation, yield, and resistance to high and low temperature, drought, and low soil fertility (Singh, 2001) .
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